crease, and it represents the most anterior projecting point on the nose. Nasal-tip rotation is the movement of the tip along a circular arc with the radius center at the columellarlobular junction. LLC may be compared with a tripod: The conjoined medial crura form one leg, and the lateral crura represent the other two legs. Shortening or loss of integrity of any limb changes the spatial position of the apex (the nasal tip). [5] [6] [7] [8] In an anthropometric study by Dhong and Han, 9 52 alar cartilages were measured for 26 Korean patients during primary open-approach rhinoplasty. In most patients, the lateral crura were found to be concave, and the major part of the medial crura was straight. These findings are consistent with the small size and low radix of the Korean nose. The dorsum was slightly convex, owing to the low nasion and limited tip projection. The alar cartilage was reportedly thin and weak-especially the medial crura, which are responsible for tip projection. 9 Zelnik and Gingrass 10 noted that mean height and width of the lateral crura in Caucasians were 1.1 cm and 2.2 cm, respectively. Ortiz-Monasterio [11] [12] [13] [14] [15] concluded that the medial crus of the Mestizo nose is short and the columella is short and hidden.
A study by Ofodile and James 2 showed that the feet of the medial crura are less prominent in African Americans than in Caucasians, and that they do not diverge to the same extent. Consequently, there is little or no flaring at the base of the columella in black patients, especially those of African descent. 2, 16 The shortness of the columella and lack of flaring at the base, coupled with the presence of a natural groove at the columella-labial junction in African Americans, makes the columellar-labial junction the location of choice for the columellar incision in openstructure rhinoplasty. Midcolumellar incisions, which are commonly utilized in Caucasians, result in prominent, depressed scars in African Americans because of the thick and oily nature of their skin. [16] [17] [18] The lateral crus is mostly convex but may be flat, concave, or a combination of concave and convex. 19 On the other hand, the shape of the lateral crus in Koreans depends on whether the nostril is vertical or horizontal; the lateral crus is concave in a horizontal nostril and convex in a vertical nostril. 20 In a study of Caucasians by Ali-Salaam et al., 21 the lower lateral crus was short in some noses (six of 15) but it extended back to the pyriform aperture in other noses (nine of 15). This extension of the LLC was found to be long, smooth, composed of one cartilage unit, corrugated, or made up of several accessory cartilages. Hatzis and Sherry 22 conducted an anatomical investigation in 39 nonfresh Caucasian cadavers to determine the precise relationship between the alar rim skin margin and the caudal aspect of the lateral crus. They also determined the mean dimensions of the lateral crura. They concluded that the marginal incision can be close to the alar skin margin in the first 15 mm. Right-to-left intraindividual asymmetry in the first 20 mm was significant. Intraindividual right-to-left asymmetry was significant in the lateral crura length and height.
Daniel 23 introduced a practical classification and individualized management protocol for various types of nasal deformities often observed among Hispanics, Mexicans, and Mexican Americans, which is similar to the classification described by Barrera. 24 Rohrich and Ghavami, 25, 26 who conducted a study of Middle Eastern noses, found that the lower lateral, middle, and medial crural cartilages are often weak and thin relative to the heavy skin and softtissue sleeve. They also noted that the lateral crura were commonly wide, thin, and malpositioned, and that the middle crura and medial crura were insufficient. Sanchez 27 reported on the "Chata" nose, which is characterized by a short columella, transverse nostrils, thick skin, and flaring ala. Daniel 28, 29 also performed two important studies on Middle Eastern rhinoplasty. In Part I, he examined 50 primary rhinoplasty patients (mostly Persian). 28 In Part II, he focused on secondary rhinoplasty patients, 75% of whom were Persian. 29 Daniel emphasized the use of both spreader grafts and columellar struts to support the large and often heavy skin sleeve. He stated that there was no need for destructive tip techniques and that tip suture techniques with or without tip grafts were highly effective.
In this study, we build on the previous work of other authors regarding different ethnic groups by providing average nasal tip anatomy measurements in a Persian cadaver group.
MethOds
After approval by the Ethics Committee of Human Research of Tehran University of Medical Sciences and the Iran Legal Medicine Organization (ILMO), we dissected 72 alar cartilages from 36 Persian fresh cadavers at the dissection hall of ILMO. Stair-step and extended-rim incisions were made to expose the LLC. The overlying skin, subcutaneous tissue, and vestibular lining of the lateral crus were dissected off the lateral and medial surface, and the cartilages were removed completely, along with the posterior extension, to ensure accuracy of measurements ( Figure 1 ). The greatest length, height, and thickness of the LLC were measured by caliper and ruler 5 ( Table 1 ). Other dependent variables that were studied included alar flaring, nasolabial angle, tip height, divergence angle, soft-tissue thickness on the alar cartilage, and distances of the caudal border of the lateral crura at the lateral (Point C), middle (Point B), and medial (Point A) points from the alar rim (Figures 2 and 3 ; Table 2 ). The shape of the lateral crus was evaluated based on the morphological types described by Zelnik and Gingrass 10 and Ofodile and James 2 : convex, concave, concave-convex, convexconcave, and flat. Although Zelnik and Gingrass studied the premiddle crura, their measurements of lateral crura were from the most cephalic part of lateral crus to the lateral genu (dome) and did not include the middle crura. Their measurements of lateral crura were the same as those of the postmiddle crura.
All variables were analyzed utilizing SPSS software (version 11.5, SPSS, Inc., an IBM company; Chicago, Illinois) and the student's t-test. Comparisons were made between our measurements and those obtained in Caucasians, 10, 21, 22 Asians, 8 and African Americans 2 (Tables 3-5) .
Results
The age range of the cadavers was 20 to 75 years (mean age, 42 years). Of patients, 22 were male (62%) and 14 were female (38%). For some alar cartilage measurements, there were no significant differences between men and women; these included the mean nasolabial angle (angle between columella and upper lip; 92.3 ± 4.47 mm), mean height of the tip (22 ± 2.74 mm), lobule height (8.8 ± 1.45 mm), columella (13.14 ± 2.07 mm), and divergence angle (38.6 ± 3.9 mm; Table 2 ). In addition, the anthropomorphic alar cartilage measurement was the following: Right and left lateral crura mean length (23.4 ± 2.7 mm and 23.1 ± 2.5 mm, respectively) and thickness between the dome and caudal region (1 ± 0.15 mm and 0.9 ± 0.15 mm, respectively) showed no significant differences between genders (Table 1) . However, significant differences (P = .02) were observed in the right and left lateral crural height between men (11.23 ± 1.44 mm and 11.2 ± 1.38 mm, respectively) and women (10.21 ± 0.69 mm and 10.25 ± 0.75 mm, respectively). The thickness of the left and right middle crura was 0.8 ± 0.11 and 0.85 ± 0.11 mm, respectively. The average length of the right and left middle crura (6.1 ± 1.14 mm and 6.2 ± 1.09 mm) was similar between sexes. However, the average height of the right and left middle crura differed significantly (P = .03) between men (3.5 ± 6.6 mm) and women (3.07± 0.67 mm) ( Tables  1 and 3 ). The average length, height, and thickness of the medial crus for both sexes were 6.5, 3.2, and 0.9 mm, respectively. The medial crus differed significantly between men and women (P = .02). The height of the medial crus in women was shorter than in men (2.8 mm vs. 3.5 mm).
The distance of the lateral crus from the nostril rim at the junction of the lateral crus to the middle crus ranged from 2 to 3.5 mm (mean, 2.04 ± 0.37 mm). Alar flaring ranged from 1 to 3 mm (mean, 1.48 ± 0.6 mm). The nostril shape was oval in 94.4% and round in 5.6% of the cadavers. The tip was bulbous in 17 subjects (47%), normal in 12 subjects (33%), and boxy in 7 subjects (19%). The posterior extension of the lateral crus (accessory cartilages) was noted in 89.9% of cadavers ( Figures 1C and 1D) . Of the subjects, 11% had no accessory cartilages. It was interesting that this extension of the accessory cartilages of the lateral crus was found to be polygonal and composed of one cartilage unit (one continuous piece; Figures 1C and 1D) .
Results of the comparisons with other ethnic groups are shown in Tables 3-5. Note that the measurements in Persian cadavers differ from those in Asians, Caucasians, and African Americans (Table 3) .
disCussiOn
We studied anatomic and anthropometric variations of 72 alar cartilages from fresh Persian cadavers. This was the first such study in Iran, and our study population was large in comparison to studies in other countries. The principal reason for secondary rhinoplasty in Middle Eastern patients (including Persian patients) is failure to correct the original deformity, 29 which can occur if the plastic surgeon does not thoroughly understand the anatomy of the alar cartilages. Although Ghavami and Rohrich 30 consider the Middle Eastern population as one ethnic group, we disagree with this generalization because Iranians are a distinct ethnic group and should not be categorized as Arabs. As evidence, our findings differ from those of Ghavami and Rohrich 30 and Daniel. 28, 29 The understanding of the anatomy of lateral cartilages in different ethnic groups, we can prevent many secondary rhinoplasties. The Persian alar cartilages include medial crus, lateral crus, and middle crus. The morphology of the lateral crus was concave, convex, concave-convex, convex-concave, or flat. The length of the middle crus was measured from the point of divergence of the medial crura to the dome; in 80% to 90% of cadavers, the middle crus was flat. Studies from other countries have not examined the shape of the middle crus. According to our study, the lateral crus is convex in approximately 87% of Iranians. It is convex in 33% of African Americans 17 and concave in 40% of Korean women and 50% of Korean men. 5, 20 Consequently, the lateral crura of the Persian population (both male and female) are different from those of other races. In addition, the average length of the lateral crura in the present study was 23 to 24 mm, and the average width was 10.5 to 11 mm. The average width was also markedly smaller for females. These measurements approximated the average width reported for African American subjects (12 mm) [16] [17] [18] ; however, the average length was shorter in African Americans (18 mm) than in Persians. The average width in our Persian cadavers (10.5 mm) was similar to the width found in Koreans 5 (10.2 mm), but the length (23-24 mm) and thickness (0.8-1.2 mm) in Persians was greater than the length (16.8-19.7 mm) and thickness (0.54-0.55 mm) in Koreans. In our study, the thickness of lateral crura in men was greater than that in women, which was same as the Korean study. 9 The mean distance between the lateral crus and the nostril rim in our study was 2.27 mm, whereas Dhong and Han 9 found it to be 5.8 mm in Koreans. The alar cartilages of African Americans are roughly the same distance from the nostril rim as those in Caucasians. Figure 3 . Illustration of the areas measured: length and width of the lateral cartilage and distances of the caudal border of the lateral crus at the lateral (Point C), middle (Point B), and medial (Point A) parts from the alar rim. These measurements vary across ethnic groups.
Among our cadavers, the medial crus of the alar cartilages was convex in 58%. In Koreans, it was convex in 44% of males and 54% of females. Thus, the medial crura of Persians are similar to those of Koreans. 9 Another study of Americans showed that 50% of the medial crura are symmetric. 7 According to a survey, 7 three morphologic types of alar cartilages were found in African American subjects. The most common shape was convex-concave (50%), followed by smooth convex (33.3%). 7 In our study, the convex type of alar cartilage was symmetric. Therefore, the medial crura in most Persian subjects were convex and symmetric.
We found small amounts of accessory cartilage at the end of the lateral crus in 89% of the cadavers. Similarly, accessory cartilages have been reported among Korean patients. 31, 32 In Caucasians, accessory cartilages at the end of the lower lateral crus were found to continue to the pyriform aperture. 32 Studies on cadavers have demonstrated that intercartilage incision leads to reduction in tip support, whereas in open rhinoplasty, cartilage ligaments remain intact. 33, 34 With this method, components that support the tip of the nose remain integrated.
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COnClusiOns
We evaluated the anatomy of alar cartilage in fresh Persian cadavers for the first time in this ethnic population and compared our findings with those reported in studies of other ethnic groups. To our knowledge, this is the first study of its kind performed on fresh cadavers, and the first study that involved removal of the entire lateral cartilage along with its accessory cartilages. Our findings show that Persian anatomical measurements differ from those in Asians, Caucasians, and African Americans. Attention to the differences among ethnic groups is recommended when operating on the nasal tip, which will reduce the likelihood of secondary corrective procedures.
